Four experiments are presented which test the proposition that a compound stimulus, AB, may be conceptualized as composed of the individual A and B elements as well as a separate stimulus unique to their combination. Together with an assumption about limitations on the total associative strength of the compound, that conceptualization can account for the learning of various configural conditioning paradigms. Each experiment examines whether the hypothesized unique stimulus has properties like those of a separable element. The results indicate that, like the separate elements, the unique stimulus can acquire associative strength which is either excitatory or inhibitory, which summates with other associative strengths, which influences the effectiveness of reinforcement and nonreinforcement, and which is attenuated when the unique stimulus becomes irrelevant to reinforcement.
In many learning situations it is possible to account for the behavior produced by a stimulus compound in terms of some combination of the behaviors produced by the elements of that compound. For instance, simultaneous presentation of stimuli separately trained to produce a response will normally result in "summation" evidenced by a response more vigorous than that to either stimulus (e.g., Konorski, 1948; Pavlov, 1927) . Similarly, combination of 2 stimuli, one of which has been trained to evoke a response and the other of which has been trained to inhibit that response, results in summation evidenced by a response of intermediate value (e.g., Pavlov, 1927; Rescorla, 1969) .
However, the results of a number of learning situations do not seem compatible with simple summation notions. For instance, it is possible to train an organism to respond to the separately presented elements of a stimulus compound, but to withhold its response from the compound itself. Similarly, organisms can be trained to re-1 This research was supported by National Science Foundation Grants GB-12897 and GB-28703X. Thanks are due to Karen Gould and Barbara Steinfeld for aid in data collection and analysis.
a Requests for reprints should be sent to Robert A. Rescorla, Department of Psychology, Yale University, 333 Cedar Street, New Haven, Connecticut 06510. spond to the compound but not to its elements. In a recent investigation, Rescorla (1972a) dismissed a number of alternative interpretations of such discriminations, but found evidence consistent with a "unique stimulus" approach. According to this approach, a stimulus compound functionally consists of the separable elements plus some stimulus which is unique to the combination of those elements. The response to an AB compound may then be analyzed as the sum of 3 "associative strengths"--those of the elements A and B and of a stimulus unique to their combination. That unique stimulus is hypothesized to function exactly like a separable element except that its occurrence is limited to that of the stimulus compound. Rescorla (1972a) noted that if such a unique stimulus assumption is combined with one about limitations on the total associative strength of a compound, then it is possible to account for the available data on such "configuring" situations. The latter assumption may be illustrated by a recent theory of reinforcement suggested by Rescorla and Wagner (1972) . According to that theory the effect of a reinforcement or nonreinforcement in changing the associative strength of an element in a compound depends upon the total associative strength of the compound. Each reinforcing event has associated with it some asymptote of conditioning which it is capable of producing. On 331 a learning trial in which an AB compound is followed by a reinforcement, A and B (as well as the stimulus unique to their joint presentation) each receive individual modifications in associative strength. The amount of modification is proportional to the difference between the asymptote and the total associative strength of the compound. Furthermore, the associative strength of the compound is assumed to be the sum of the associative strengths of the elements and of the unique stimulus. These assumptions have proven to have considerable power in dealing with a wide variety of phenomena in Pavlovian conditioning (see Rescorla, 1972b; Rescorla & Wagner, 1972; Wagner & Rescorla, 1972) .
According to this set of assumptions, if an AB compound is reinforced, but its separately presented elements nonreinforced, then the total compound strength should approach an asymptote appropriate to that reinforcement, while the strengths of the elements would each approach the asymptote appropriate to the nonreinforcement. The consequence is that the elements would have low associative strength, while the stimulus unique to the compound would carry the burden of the strength of that compound. Similarly, if the AB compound is nonreinforced and the elements reinforced, the compound would approach a low associative strength, while the elements would each attain a high value. Consequently, the unique element would become sufficiently inhibitory (i.e., have negative associative strength) to insure that the compound strength would be low. Rescorla (1972a) details the account of other configural situations.
Although the assumption about limitations on total associative strength has received considerable support from experiments on conditioning, the unique stimulus assumption has not been explored in detail. The purpose of the present series of experiments is to begin examination of the implications of that assumption. The strategy is to assume the operation of the RescorlaWagner reinforcement model in instrumental learning and to assume the presence of a unique stimulus which has the same properties as any external stimulus. From these 2 assumptions, a number of additional deductions can be made. Each deduction depends upon the unique stimulus' having some property parallel to that of an external stimulus. The implications of these properties are tested in a discrete trial barpressing situation.
EXPERIMENT 1 One implication of the Rescorla and Wagner (1972) theory of reinforcement is that the effect of a reinforcer will be increased if it is unanticipated. The effect of a reinforcer is maximal when the associative strength of the stimulus compound which it follows is low; one way to accomplish this is to give one element of that compound inhibitory properties. Rescorla and Wagner have found evidence that reinforcement of a stimulus compound especially enhances the associative strength of one element in that compound when another element is a conditioned inhibitor.
The strategy of the present experiment was to demonstrate that a stimulus unique to a compound, if made an inhibitor, will likewise enhance the effects of reinforcement. According to the present approach, reinforcement of the elements of an AB compound while nonreinforcing the compound itself results in substantial associative strength accruing to A and to B; but it also endows the unique stimulus with inhibitory properties. The consequence is that the organism responds to A and B but fails to respond to the compound because of its low net associative strength. However, that compound should be especially susceptible to increments if it is subsequently reinforced. Indeed, because of the presence of the inhibitory unique stimulus, reinforcement of the compound should produce increases in the associative strength of A and B beyond those established during initial discrimination learning.
Method
Subjects and apparatus. The subjects were 32 Sprague-Dawley male rats about 100 days old at the start of the experiment. They were maintained throughout the experiment at 80% of their normal body weight.
The experimental chambers were 4 identical Skinner boxes, 9 X 8 X 8 in. Each chamber had a recessed food magazine in the center of the end wall and a bar to the left of the magazine. The floor of the chamber was composed of %e-in. stainless steel rods, spaced %-in. apart. The 2 end walls were aluminum; the side walls and top were clear Plexiglas. Each Skinner box was enclosed in a sound-and light-resistant shell. Mounted on the rear wall of this shell was a 6 ! /2-w. light, a speaker, and a relay-clicker. The speaker permitted the presentation of a 1,200-Hz. tone, and the clicker operated at a rate of 2/sec. Experimental events were automatically controlled and recorded by relay equipment located in an adjoining room.
Procedure. In the first session each rat was magazine trained automatically with food pellets (45 mg., P. J. Noyes Co.) delivered on a VI 1-min. schedule. In addition, each bar press yielded a food pellet. This session continued until each rat had emitted about 50 bar presses; shaping was used if necessary. Table 1 outlines the treatment during the remainder of the experiment. The next day began Phase 1, during which all subjects received discretetrial discrimination training of the form AB-, A+, B+, C-. For all animals, Stimulus A was a 1,200-Hz. tone. For half the animals, Stimulus B was a I/sec flashing of the houselight and C was a 2/sec clicker; for the other half of the animals the clicker and light were interchanged. Each trial consisted of a stimulus presentation for a maximum of 15 sec. A single response during the trial terminated the stimulus and, when appropriate, delivered a food pellet. During each 2-hr, session, each animal received 30 nonreinforced presentations of AB and of C, and 30 reinforced presentations each of A and B. The mean intertrial interval was 1 min. Phase 1 continued for 13 days of 120 trials each.
The first 60 trials of the next day continued the Phase 1 treatment; the remaining 60 trials initiated Phase 2, designed to modify the associative strengths of A and B in Group AB+. For all animals, these 60 trials were reinforced. The 16 animals in Group AB+ received trials consisting of presentation of the previously nonreinforced compound. The 8 animals in Group C+ received 60 trials with the previously nonreinforced C element. The 8 animals in Group A+B+ received 30 trials each with the previously reinforced elements.
These Phase 2 treatments continued for the first 60 trials of the subsequent day. The remaining 60 trials of that day consisted of 30 nonreinforced presentations each of A and of B. Responding during those nonreinforced test trials is the principle datum of the experiment. Of primary interest are the strengths of the A and B elements in Group AB+; these should be high because of the Phase 2 treatment. Group A+B+ provides a comparison in which the individual elements received additional training. Group C+ provides a comparison 
Results
As in previous studies, the Phase 1 discrimination developed slowly but was well learned by the final day of training. Not surprisingly, the discrimination consisted primarily of the development of failure to respond to the nonreinforced stimuli; this developed more rapidly to the C element than it did to the AB compound. However, by the end of Phase 1, responding was essentially 100% to the A and B elements and at 10% and 20%, respectively, for C and AB. Responding to B and C was similar for the light and clicker stimuli. During Phase 2, all groups rapidly developed a high probability of responding to the stimuli presented.
The results of most interest from the final nonreinforced testing of A and B are shown in Figure 1 . This figure shows the mean percentage of trials producing a response in blocks of 5 trials throughout this extinction test. The strongest and most persistent response to the elements occurred in Group AB+. Group A+B+ showed the weakest responding, while Group C+ was intermediate. Separate statistical analyses of total response to the A and B elements during extinction confirmed the superiority of Group AB+ to each of the others (Us < 26, ps < .01) as well as the superiority of Group C+ to Group A+B+ (Us < 13, ps < .05). 
Discussion
The greater responding to the A and B elements in Group AB+ than in the other groups confirms the deduction from a unique stimulus approach. It is consistent with the notion that the AB compound contains a unique stimulus capable of affecting reinforcement in the same way as do external stimuli. Furthermore, it implies that the AB compound retains A and B in sufficient integrity that reinforcement of the compound can affect the associative strength of the elements. That is, the outcome is consistent only with a notion of configuring which retains the individual stimuli in the compound. Indeed, the present findings imply that reinforcement of that compound increased the associative strength of those elements more than did reinforcement of the elements themselves (in Group A+B+).
The superiority of Group C+ to Group A+B+ was an unanticipated finding for which there are a number of possible interpretations. It is possible that reinforcement of C established an associative strength which generalized to A and B. Alternatively, it is possible that the persistent responding in Group C+ was due to a generalized partial reinforcement effect to A and B. Experiment 1 does not distinguish among such alternatives.
EXPERIMENT 2 Experiment 2 tested an implication related to that examined in Experiment 1. According to the present account, the consequences of reinforcing an AB compound will be quite different depending upon the strength of the stimulus unique to that compound. Consider 2 groups of animals, one of which is trained according to an A+, B+, AB-procedure and the other of which is trained in an A+, B+, C-procedure. We would expect both groups to have high associative strength to the elements A and B; however, we would expect presentation of the AB compound to produce considerable behavior in the second group but little responding in the first. Presumably, the difference lies in the inhibitory character of the unique stimulus of the first group; no such inhibition has been trained in the second procedure. Consequently, should the AB compound be reinforced in these 2 groups we would expect quite different outcomes. As in Experiment 1, we would expect that operation to enhance the strength of A and B in the first group. On the other hand, the AB compound in the second group would evoke a powerful response; indeed, because of summation it should evoke a response that is too strong to be supported by the reinforcer which has followed the individual stimuli. Consequently, we would expect reinforcement of the compound to depress the elements in the second group. A prediction analogous to this last has been confirmed in Pavlovian fear conditioning (Rescorla, 1970; Wagner, 1971) . This experiment examines these predictions.
Method
Subjects and apparatus. The subjects were 16 male Sprague-Dawley rats about 100 days old, maintained at 80% of their normal body weight. The apparatus was identical to that of Experiment 1.
Procedure. All animals were initially bar-press trained as in Experiment 1. Thereafter, all sessions were 2 hr. long and all involved discrete-trial bar pressing. On each day, 120 trials were given with a mean intertrial interval of 1 min. Trial stimulus presentations were for a maximum of 15 sec. but could be terminated by a single response; when appropriate, such responses also produced a food pellet. During Phase 1 training, Group ABreceived 30 reinforced trials each of A and B as well as 60 nonreinforced presentations of AB. Group C-received the identical treatment except that a third stimulus element, C, replaced the AB compound on. nonreinforoed trials. A 1,200-Hz. tone always served as A. For half the animals B was a I/sec flashing of the houselight and C was a 2/sec clicker; for the other half the roles of clicker and light were interchanged. Phase 1 training continued for 8 days of 120 trials each.
The next day began Phase 2, in which all animals received reinforcement of the AB compound. For all animals each of 2 2-hr, sessions contained 120 AB+ trials. The first 10 trials of the next day continued Phase 2 treatment. For the remaining 100 trials of that day, a testing procedure was instituted. During testing each animal received 50 nonreinforced presentations each of A and of B. Table 1 outlines the experimental design.
Results and Discussion
Phase 1 discrimination proceeded rapidly in both groups; however, Group C-was superior during the early part of that phase. By the end of Phase 2, all animals responded at a high rate to the AB compound. Figure 2 shows the results of nonreinforced presentation of the A and B elements during testing. Although both groups showed extinction, it is clear that Group ABshowed substantially higher probabilities of responding. Even within the first 10 trials, Group C-showed a response probability substantially less than 100%. Statistical comparison confirms that during each of the first 2 blocks of 10 test trials, Group ABhad a higher response probability on both elements (Us < 8; ps < .01).
Despite the fact that both groups had received 250 reinforced presentations of the compound just prior to testing, they exhibited quite different probabilities of responding to the elements. Apparently, the effect of reinforcing the compound was quite different depending upon whether the compound had previously been discriminated from the elements; such prior discrimination enhanced the ability of reinforcement following the compound to increment the strength of the elements. This finding is consistent with the position that such a discrimination gives inhibitory strength to a unique stimulus, while leaving intact the strength of the separable elements.
EXPERIMENT 3
Both the previous experiments have involved discriminations which make the unique cue inhibitory, and both have examined the influence of that inhibitory stimulus upon subsequent reinforcement of the compound. In contrast, this experiment attempted to endow the unique stimulus with excitatory associative strength and to assess that associative strength directly in performance. In addition, it attempted to provide direct support for the additivity of associative strengths of the elements and of the unique stimulus. Two groups of animals received AB+ trials. One group additionally received A-and B-trials; the consequence should be that all the associative strength from AB+ trials should accrue to the unique stimulus. The second group received, in addition to AB+ trials, C-trials where C is an easily discriminable third element. The consequence of the latter training should be that much of the strength resulting from AB+ trials should accrue to the individual A and B elements. Indeed, if the salience of the unique stimulus is low relative to that of the elements, as we have assumed elsewhere (Rescorla, 1972a) , then the unique stimulus should have considerably less than one third of that strength. Both groups were then given reinforced training to the A, B, and C elements, intended to bring the elements to full strength. Subsequent presentations of the AB compound should produce evidence of different total associative strengths. Both groups would have A and B contributing to that compound, but the first group should also have a substantial contribution from the unique stimulus. If the associative strengths summate, we would expect greater responding to the compound in the first group.
Method
Subjects and apparatus. The subjects were 16 male Sprague-Dawley rats, about 100 days old and maintained at 80% of their normal body weight.
Procedure. The procedural essentials were identical to those of Experiments 1 and 2. After initial bar-press training, all animals received discretetrial discrimination training. All sessions were 2 hr. long and involved 120 trials. Trial stimuli were response terminated; in the absence of responding the trial duration was 15 seconds. On each day of Phase 1, Group A-B-received 30 nonreinforced trials each with A and B, as well as 60 nonreinforced C and 60 reinforced AB trials. Stimulus A was a 1,200-Hz. tone, B was a clicker, and C was a flashing of the houselight. Phase 1 continued for 6 days.
The next day began Phase 2, during which all trials were reinforced. During this phase all animals received 15 A, 15 B, and 30 C trials per hour, for a total of 1 1 A 2-hr, sessions. During the final hour of the second Phase 2 session, the strength of the AB compound was tested. Each animal received 60 nonreinforced presentations of the AB compound. The overall design is displayed in Table 1 .
Results and Discussion
Discriminations proceeded as in previous experiments. All animals responded to all 3 elements with a high probability by the end of Phase 2. Figure 3 shows the results of nonreinforced presentation of the AB compound during testing. Although both groups showed substantial responding initially, Group C-lost that strength more rapidly during extinction. Over the 60 trials, Group A-B-showed reliably greater responding (U=12,p< .02). This finding is consistent with the predictions of a unique stimulus position, according to which responding to the compound results from the summation of 3 response strengths. That the difference between the 2 groups is small should not be surprising. Both groups have strong individual cues, and the unique cue must add to this already high level.
) EXPERIMENT 4 Recent evidence suggests that an external stimulus which was initially correlated with reinforcement will lose its response strength if it loses that correlation (e.g., Rescorla, 1972b; Wagner, 1971) . This loss may occur despite the continued coincidence between the stimulus and reinforcement. For instance, embedding of X in an A+, AX+ paradigm will reduce X to zero associative strength despite the reinforced compound trials. Such a finding is consistent either with an attentional approach or the one suggested by the Rescorla-Wagner theory of reinforcement.
This experiment examines whether a similar loss of associative strength occurs when a unique stimulus loses its correlation with reinforcement. Two groups were given AB + , A-, B-discrimination training designed to give the unique stimulus positive associative strength. Then one group received AB + , A+, B+ training in which the unique stimulus was no longer positively correlated with reinforcement and should therefore lose its strength. The comparison group simply received A+B+ training which should leave the unique stimulus with strength. After intervening extinction of the A and B elements, to increase sensitivity, both groups were tested for the response to the AB compound. That response should be primarily attributable to the strength of the unique stimulus and so should be greater in the second group.
Method
Subjects and apparatus. The subjects were 16 male Sprague-Dawley rats treated as in previous Procedure. After initial bar-press training, all sessions were 2 hr. long and involved 120 trials. In Phase 1 all animals received AB+, A-, B-training. On each day 60 trials were AB compound trials on which reinforcement was available and 30 trials each were A and B nonreinforced trials. Maximum trial duration was 15 sec.; stimuli were terminated by responses, which produced reinforcement when appropriate. The A and B stimuli were a 1,200-Hz. tone and a 2/sec clicker. Phase 1 continued for 7 days.
The next day began Phase 2, designed to attenuate the positive correlation between reinforcement and the unique stimulus in one group. Group AB+ received treatment identical to that of Phase 1 except that the individual A and B elements as well as the compound trials were reinforced. Group C received the same Phase 2 treatment except that the AB trials were omitted altogether. Phase 2 continued for 2 days of 120 trials each. On the next day, Phase 3 was administered. During this phase all animals received 60 presentations each of A and B, all nonreinforced. Finally, immediately following Phase 3, all animals received a single test session of 1-hr, duration. During that session, all animals received 60 nonreinforced presentations of the AB compound. The experimental procedure is schematized in Table 2 . Figure 4 shows the results of the final test session. Both groups showed rapid loss of responding to the AB compound during its extinction. Presumably, prior extinction of the element facilitated this extinction by reducing the strength of the elements. However, Group C showed more responding than did Group AB+, a superiority which was statistically reliable (U = 14, p < .05). Thus, despite the fact that during Phase 2 Group AB+ had received reinforcement of the compound, while Group C did not, the test session showed greater response strength to AB in Group C. This apparent decrement in the strength of AB with its reinforcement is consistent with the prediction of a unique stimulus approach and with other findings from analogous Pavlovian conditioning experiments.
Results
GENERAL DISCUSSION Taken together, the 4 experiments described here provide considerable support for the unique stimulus approach. They suggest that a stimulus compound contains within it not only its composite elements but also a separate stimulus unique to that compound. Furthermore, they indicate that the properties of that unique stimulus are similar to those of an external stimulus. First, the simple ability of the organism to learn the kinds of discrimination described here suggests that the unique stimulus controls behavior in the manner of other stimuli. Second, its associative strength appears to be additive with that of the elements. Third, its effects upon the power of reinforcement to increment and decrement seem comparable with those of external stimuli. And finally, like external stimuli, it loses strength when made irrelevant to reinforcement.
• Together with a theory of the operation of reinforcement which implies limitations on the total associative strength of stimulus compounds, the unique stimulus approach provides a coherent account of the results of the experiments reported here. Furthermore, this pair of assumptions also provides a consistent account of the other available retoo r- suits of configuring situations. The success of these assumptions suggests that such configural data need not be taken as damaging evidence to an elementary summation view of an organism's behavior to stimulus compounds.
Indeed, many of the results reported here, as well as those reported previously, are in conflict with an interpretation of configuring in terms of the compound being totally distinct from its elements. For instance, in Experiment 1, reinforcement of the AB compound established an associative strength which transferred to the A and B elements. In Experiment 2, prior training of a discrimination between AB and its elements improved the degree to which reinforcement of the AB compound augmented the associative strength of the elements. If such configural conditioning simply trained a discrimination between the A and B elements and their distinct compound, we might have anticipated the opposite outcome. Finally, Experiment 3 demonstrated the additivity of the associative strengths of the elements in producing the compound behavior.
Consequently, it seems clear that even after extensive discrimination training with a compound and its elements, the compound continues to preserve much of the integrity of the elements. The current experiments suggest that the discriminations are accomplished instead through one additional stimulus present only in the compound.
